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For the proof of Theorem 1. and for the lemmas we adopt the following notation: Graph G is a 2-connected graph with minimum degree at least 2k + Let IT(A) n Sl = q + 1, that is there are q diagonals of S starting from A.
leading to a contradiction unless q = 0 and p + q = 2k, i.e., p = 2k. This case is handled in Lemma 8 and also leads to IL(G)I ~ k + 1.
Now lemma 4 can be applied with p-1 in the role of p and we get
unless q = 1 and p + q = 2k, or q = 0 and p + q is 2k or 2k + 1. The case q = 1 is treated in Lemma 6 and the case q = 0 is treated in Lemma 7. In both cases we get k + 1 odd cycles of different lengths leading to a contradiction. Thus the only possibility is that G = K 2 k+Z and Theorem 1 is proved; D There are k indices i such that Ci contains one of { e, f}. These cycles satisfy the requirements of the lemma.
If T is an even cycle, ei is called even if it divides T into two even cycles, otherwise it is called odd. If the only odd diagonal ofT is ek then we can define k odd cycles as follows. Let Ci be the cycle of H containing ei and ek for i = 1, 2, ... , k-1, and let Ck be the cycle containing ek and the path on T from x 0 to xk containing xv ... , xk_ 1 • Otherwise let p be the smallest integer in {1, 2, ... , k -1} such that either eP or e 2 k-p is an odd diagonal. If no such p exists then H is bipartite. Apply the inductive hypothesis to H* defined as the cycle C* determined by eP and e 2 k-p in T together with the diagonals ei for p < i < 2k-p. If H* is bipartite then both eP and e 2 k-p are odd diagonals of T.
By symmetry, one may assume that aP;?; a 2 k-p+ 1 . Let Ci be the cycle determined by the diagonals ei and e 2 k-p+ 1 for i = p, ... , 2k-p. Let Di be the cycle determined by the diagonals ei and e 2 k-p for i = 1, 2, ... , p -1. Let D 0 be the cycle determined by e 2 k-p and the path on T from x 0 to Xzk-p following the order x 0 , x 1 , ••. , Xzk-p· All these cycles are odd and aP;?; a 2 k-p+ 1 ensures that Therefore we defined at least 2k -2p
If H* is not bipartite then by induction it contains odd cycles Cv C 2 , ••• , Ck-p such that IC 1 I < IC 2 1 < · · · < ICk-pl· Let Di be the cycle determined by eP and e 2 k-p+i fori= 1, 2, ... , p-1. Let DP be the cycle determined by eP and the path Let a denote the length of the subpath zqB on S. It is easy to check that the following numbers are all odd cycle lengths: 
leading to a contradiction. Therefore h < hjn for each choice of indices satisfying (6). Thus for N = l{n: IPnl is odd} I we get
Since M + N = p, either MorN is at least rp /21 and the lemma follows from (5) and (7). D If At= 2 for some x EX then there are k odd numbers in {Af}f~1 but all of them are larger than 3. Since ICI is odd, there exists y EX, A{= 1 and we have a 3-cycle giving k + 1 odd cycle lengths altogether. Thus the only possibility is that Proof. Let T(A) n C = r(B) n C =X= {xi, x 2 , . . . , x 2 k-I} and assume that xi, x 2 , . . . , x 2 k-I is their order on C. We use the notation Af for i = 1, 2, ... , 2k -1 as defined in Lemma 5. First we assume that k?; 2.
Lemma 5. If V(G)-V(C) is an independent set then G = K 2 k+ 2 •

Proof. If V(G)-V(C) = 0 then IL(G) ~ k + 1 follows from Lemma 2 and we have a contradiction. Select a vertex T E V(G)-V(C). Then d(T)
Let W denote the graph consisting of S with its two diagonals. Let R (W) denote the set of path lengths in W from A to B. It is easy to check that IR(W)I?; 3 except when R(W) = {b + 2, 3b + 2} or when R(W) = {2, b + 2} for some b (in these cases S has two crossing diagonals and b is the length of the middle segment of S).
If The index i in (9) can take values 1, 2, ... , 2k -2.
If there are at least k Af of the same parity for some x E X then selecting two numbers from {2} U {h + 2: hE R(W)} of the same parity, (9;) implies IL(G)I?; k + 1, contradiction. Assume that A~ is even for some x EX. Then A{, ... , A~k-3 contain k -1 numbers of the same parity where y is the vertex in X following x.
Adding A f to the largest of these numbers we get k different numbers of the same parity. Therefore AI is odd for each x EX. Consequently min{Af: x EX}= min{Af: x EX} is an odd number thus min{Af: x EX}+ 2 and Af + h + 2' gives k + 1 odd numbers if Af is even and his odd, provided that R(W) has two odd numbers. If IR(W)I ?; 3 then this is true because {2} U R(W) must contain two odd and two even numbers (three of the same parity would give k + 1 odd cycles by the second or fourth line of (9) Finally, the case k = 1 is treated. Now lXI = 1 and using the 2-connectedness of G, there is a path from V( C) -X to S. One can easily find two odd cycles of different lengths, the missing details are omitted here. 0 follow each other on C in this order. Let ai be the length of the path connecting X; and xi-l on C which does not contain other xi. The length of Sis denoted by s. Set Ai = a 1 + · · ·+a; for i = 1, 2, ... , 2k. We may assume that {A;}f~1 contains k odd and k even numbers otherwise IL(G)I ;=: k + 1 is obvious.
Case 1: a 1 +s =Omod2. Let I be the set of those indices for which Ai + s + 2 is odd. Clearly, Ill = k and for i, j E /, Ai-a 1 + 2 = Ai + s + 2, therefore Ai-a 1 + 2 and Ai '+ s + 2 are odd cycle lengths in G. Let Ai be the smallest element of {Ai: i E /}, then 
